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FOREWORD

This ASTP IVHM Project Plan presents the planning and project objectives for the
implementation of a new NASA project known as Integrated Vehicle Hedth Management. This plan
has been prepared in accordance with the NASA Program and Project Management Processes and
Requirements, NPG 7120.5A, and is conggtent with the NASA Strategic Management Handbook
and NASA ProgranyProject Management, NPD 7120.4. In addition, it follows the MSFC Lead
Center Implementation Plan for Space Transportation System Development and Technology Programs.

This plan has been prepared by the Space Trangportation Program IVHM Project Office and
approved by the ASTP Program Office and condtitutes the basdine project plan for FY00. It is
expected that this plan will undergo severd updates as ASTP Program Gods and requirements are
further refined and as detailed task agreements are approved between each of the IVHM Team
Members.
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I. INTRODUCTION

A. Advanced Space Transportation Requirements

Perhaps the most substantial single obstacle to progress of space exploration and utilization of
gpace for human benefit is the safety, reiability, and inherent cogt of launching to, and returning
from, gpace.  The primary influences in the high recurring codts of launch systems are 1) the
labor intensive safety re-certification that occurs during every turnaround due to the inherent risk
of manned space transportation., 2) the use of maintenance by ingpection operations concepts
versus arcraft type Condition Based Maintenance architectures, eg. Informed Maintenance,
and 3) high space vehicle infrastructure, and facility and floor space codts required to support
launch and mission operations.

NASA’'s Advanced Space Transportation Program (ASTP) and Industry have andyzed
present day reusable launch vehicle requirements and have basdined the requirements to
achieve ten-fold improvements for 2 Generation Systems and 100-fold improvements for 3°
Generation Systemsin safety and costs for these systems to be economically feasible.

1st Gen 2nd Gen 3rd Gen IVHM Goals For 2nd/3rd Generation

Turnaround Time | 5 months 1 week 1 day ¢ | 10x Safety | mprovements
— Improved realtime fault management

Catastrophic 1in 200 1in1000 | 1in 10,000 and fault modeling

Unreliability — Increase sensor redundancy

throughout system (10 to 100x)

Flightslyear 8 92 1635 * ] 20x Ops and Maintenance Reductions

— Condition Based Maintenance

Variable Cost/Flight | $90M/flight | $15M/flight| $1.5M/flight] — 100% Vehicle IVHM Coverage
Integrated With Autonomous Control

— Automated Ground Processing and
Mission Control Systems

¢ | 5% Weight Reductions

— Wireless and Nano Electronics

— Real-Time Margin Management

Launch support 1000 100 10
personnel per flight

Life (missions) 1-100 100-200 2000

Table I-1 Launch System Requirements Drive IVHM Goals

IVHM isakey dement in achieving the ASTP god's of enabling lower cost space accessin the
futureasshownin Tablel-1. NASA and Industry IVHM studies and initid technology
development results have concluded the following: @ IVHM has the potentid to improve system
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safety margins by enabling higher fiddity, autonomous system status and hedlth and contral; b)
IVHM has the potentid to enable orders of magnitude reductions in ground processing time and
costs through the use “aircraft-like’ condition-based maintenance technologies, and ¢) IVHM
has the potentia to improve system availability due to increased system rdiability and
operability.

B. IVHM Definition

At its highest levd, IVHM is those requirements levied upon the system (ground and flight
segments) which, when dlocated, designed, and implemented, monitor and reconfigure the
gystem to satisfy the misson's gods based on the overal hedth of the sysem. At the lowest
level, IVHM is the particular sensors, data storage, data communicetion, and software and
agorithms which are used to detect, predict, isolate, report on, and manage the hedth of the
vehicle sysem.

IVHM is not limited to a box that is put on the vehicle to perform system and subsystem leve
detection, diagnostics and prognogtics, but is a philosophy that is used when designing the
system and the vehicle processing functions. Traditiondly, al sysems and subsysems are
designed with some levd of IVHM. However, in order to meet NASA’s ambitious future
Space Trangportation requirements (reliability, safety and operability), a thorough and
methodica implementation of IVHM must be developed and vdidated with Industry Partners.
At evary leve, IVHM includes the trades and decison process that determines where a
requirement is dlocated (eg. robustness of a turbine vs. smart sensors) that result in optimum
life cycle costs and bendfits. IVHM is designed into the sysem using traditiona system
engineering practices to optimize misson and program gods (i.e, rdidbility, life cycle codts,
etc).

C. IVHM Architecture Overview

Operationdly, IVHM collects and processes information about the hedth of a system,
throughout every phase of operation (pre-flight, in-flight, post flight), enabling informed decisons
and actions by vehicle crews, maintenance personnd, and automated ground systems. IVHM
functionality can be implemented as a subset of the avionics system hardware and software, or
as a separate system specificdly designed for rapid turnaround, eg., Boeing 777 Fault
Management System. In al cases the ground segment of IVHM is implemented as an integrd
subset of the ground processing, launch and mission operations systems.

The Hight Vehide has four dements consding of: 1) Advanced lightweght/low power/non-
intrusive sensors; 2) Didtributed processing/data bus communications and deta acquisition and
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communications architecture;, 3) Information processng (smat  sensor/components,
system/subsystem model based reasoning); and 4) Mass storage (solid state/high density).

The Ground Segment has three dements. 1) Evolved control room architectures with advanced
goplications such as  expert systems, automated sequencing, neurd networks, and trend
andysis 2) Informed maintenance technologies such as portable maintenance aids, automated
planners/schedulers and work order generators, and logistic database management tools, and 3)
Automated ground support equipment/servicing systems.

In order to redize NASA’s IVHM vison, advanced software, hardware and systems
engineering technologies are required. These technologies span both the flight and ground
segments of the IVHM Architecture and are essentid part of the [VHM Design (as identified by
NASA and Industry). A summary of the critica IVHM Technologiesis presented in Table |-2:

Software

e S/W architecture development

¢ Fault Tolerant Operating System software

¢ Autonomous GN&C

e Automated Mission Planners (on-
board/ground based)

¢ Self cal/sensor validation algorithms

¢ Feature recognition/comparison
recognition algorithms

* Event/Exception Handling software

Hardware

« Micro-Pressure and Temperature

e Accelerometers and strain

e Leak detection systems

¢ Multifunction Structure Fiber Optic

¢ Multifunction AE/AU Strain/temp

« Micro-electro-mechanical
sensors(MEMs)

e Miniature/ NanoProcessor. Micro-chip
modules (MCMs)

« Embedded data compression/fusion

Real-Time Autonomy Models (Fault
Isolation)
Reprogrammability/Reconfigureable SW
Fault Protection V&V/Simulation
Advanced Mission Control & Operations

e Fault tolerant flight management
computer system

< Advanced Payload Ops computer
system

¢ Smart Remote Interface Units

« Wireless Technologies

e Others

Table I-2 Critical IVHM Technologies

D. IVHM Interfaces

IVHM is an extension to traditiond vehicle and engine flight safety control systems including
current avionics redundancy management architectures.  Through the use of advanced
technologies, IVHM can improve on-board fault isolation and reconfiguration functiondity and
add maintenance on-demand capabilities (e.g., degradation). IVHM dso provides fault
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management support functions to, and extensively interfaces with, adaptive control systems and
autonomous planning system technologies in red-time operations, and should therefore
coordinate with long-term technology planning/devel opment of such systems.

II. PURPOSE, SCOPE AND OBJECTIVES

A. Purpose

The ASTPIVHM Project Goas are: 1) Develop, validate, and transfer next generation IVHM
technol ogies to near-term industry and government reusable launch systems, including New
Design Reusable Launch Vehicles, Evolved Space Shuttles, near-term Space Shuttle Upgrades,
and 3" Generation Vehicles, b) Focus NASA on the next generation and highly advanced
sensor and software technologies of the future, and 3) Validate IVHM systems engineering
design process for future programs. The ASTP IVHM Project will lead the development of this
high risk, high payoff technology and ensure a proactive approach to transferring IVHM to
system designs and program implementation.

B. Scope

The IVHM Project isamulti-year project that will mature and advance IVHM technologies for
the three segments of IVHM:  Hight vehicle(s) technology, ground system technology, and
IVHM Systems Engineering and Integration. The IVHM project responds to and works
interactively with system and subsystem design, engineering, production, and operations for
TPS, Structures, Propulsion, Avionics, Power, Ground Operations, and Crew Operation.

IVHM requires significant advancements in ingrumentation and sensors technology, including
the sensor and packaging, smarts sensor agorithms, and micro-miniaturization. In order to
organize and capitdize on the synergy inherent in ingtrumentation and sensor development, the
ASTP Sensors Working Group has been formed. The IVHM Project will co-chair this
working group and develop critical 1VHM sensor software and hardware technologies per the
Sensor Working Group Project Plan.

IVHM will dso work closdy with the Integrated Synthesis Environment (ISE) Teamiin
developing and vadidating key IVHM Systems Engineering Tools and Processes. 1SE will
provide the basic smulation infrastructure, advanced Smulation technologies, program
requirements databases, and in-use program tools and applications. 1VHM will evauate and
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improve IVHM COTS and proprietary design and analysis tools (as required) and support | SE
ingalation and system smulations to validate the SE& | process.

C. Objectives

The objective of the IVHM Project is to develop and integrate the technologies which can
provide a continuous, intelligent, and adaptive hedth sate of a reusable launch vehicle, and use
thisinformation to improve the safety, and reduce the cog, of the vehicle operations. The
project provides an intra-agency, multidisciplinary focus to sensor, communication, and
intelligent system development activities across the subsystems of the vehicle. The underlying
objectiveisto increasse the Technology Readiness Leve (TRL) of theindividua technologies
and demondtrate these technologies in an integrated operationd environment and vaidate
IVHM contributions to achieving the safety, rdiability, and cost gods established by ASTP.
Table 11-1 summarizes the IVHM Project Objectives and Performance Goals.

Table II-1. Objectives and Specific Performance Goals of the IVHM Project.

OBJECTIVES PERFORMANCE GOALS
(PERFORMANCE METRICS)
Crew Survivability: 00% more reliable system for identification of subsurface

Early, reiable detection of criticd failures
followed by an automated mitigation response
significantly increases the crew survivahility.
Hedth management will sSgnificantly lessen the
likelihood of catestrophic vehicle failure and thus
have impact on achieving the /1000 LOV god.

potentially critica failureswhich may be missed by
human ingpector.

Intrinsic Reliability:

New and enhanced sensing and control systems
allow increased vehicle robustness, availability,
land inherent reliability and by providing sdf
diagnosisfor in-flight repairs.

- 90% increase in subsurface inspection rdiability
- Rdiability increase due to high-impedance short

circuit detection and automated parameter
identification. Reliability increase dueto bad-data
detection and correction.

Operaions/recurring:

The primary benefit of IVHM will beits
<significant impact on achieving $1000 per #to
LEO by reducing recurring operationa costs due
to maintenance, ingpection, and unneeded repair.

- 10X reduction in current Shuttle TPS ground

processing costs.

- 2X reduction for power system mission operations

over thelife of thevehide.

- 3X reduction for ground maintenance and repair of

the power subsystem over the life of the vehicle.

- 10X reduction in propulsion operations and recurring

costs

Development non-recurring:
The design of the hedlth management system will
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add 5% to thefirst unit DDT&E codts.

Fleet Production/non-recurr: IVHM could lead to
reduced launch system production costs through
relaxed design constraints and/or performance
increases. However, thereisan 10% increasein
production costs for more complex software,
transducers, and data and

1. CUSTOMER DEFINITION AND ADVOCACY

The primary customer for the IVHM Project isNASA’s Advanced Space Transportation
Program (ASTP). ASTPisinterested in the development and test of technologies that will potentialy
provide low-cost space transfer, have low development costs, and that will show near-term results. The
following companies have indicated interest and endorsement of the IVHM Project: Lockheed Martin,
Boeing North American, Orbital Science Corporation, Spectrum Astro, and Kelley Space. In addition,
the Air Force Research Lab has aso expressed interest in the technology to be demonstrated by
IVHM, and are collaborating on the project.

V. PROJECT AUTHORITY

The NASA Strategic Plan and the NASA Strategic Management Handbook assign to
MSFC the Lead Center responsibility for Space Transportation Systems development. MSFC has
assigned Ames Research Center Lead Center responsbility for Space Trangportation Program 1VHM
Project Office, which includes the management of this ASTP IVHM Project.

ThelVHM Program Office is respongble for project implementation and management. The
IVHM Program Office has direct commitments with MSFC and the other NASA centers in the form of
IVHM Task Agreements and through the prime contractors or between the Project Office and NASA
Centers. ARC isresponsible for oversight of the IVHM Project.

V. MANAGEMENT

A. Organization and Responsibilities

1. NASA Headquarters
The Office of Aero-Space Technology (Code R) isthe NASA Headquarters office
responsible for the IVHM Project.

2. Fidd Centers
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The IVHM Project is developed and managed by the STP IVHM Project Office the
following Field Centers. Ames Research Center, George C. Marshdl Space Flight
Center; Glenn Research Center, Langley Research Center, Dryden Flight Research

Center, Jet Propulsion Laboratory, and Kennedy Space Center.

The IVHM Program Office directly supports the individua Space Transportation
Programs, and coordinates between them and facilitates cross-cutting technology
development, IVHM dso sponsors and manages the development of advanced
technologies tha bridge the far term needs of the individud programs. The IVHM
Program Office has been updated to reflect this ASTP IVHM Project as shown in

Figure V-1.

IVHM Program Office
Organizational Chart

Program Manager
Deputy Program Manager
Resource Manager
Administrative Specialist

Assistant Program Manager

for Systems

for Projects

Assistant Program Manager

¢ X-34 + HEDS IVHM

System Engineering & Integration
(SE&l) Office

e X-37
* X-33

* ASTP IVHM

Vehicle Systems

Propulsion (GRC/MSFC)
Operations (KSC)

TPS (ARC)

Avionics (MSFC)

Power (GRC)

Structures (LaRC)

Crew Systems (JSC)

Core Technologies

Sensors/Ins (TBD)
Communications (TBD)
Intelligent Processing (ARC)

Supporting Centers
- DFRC

- §SC

Figure V-1 1VHM Program Office
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Ames Resear ch Center

George C. Marshall Space Flight Center (M SFC)
GRC

LaRC

DFRC

JPL

KSC

B. Special Boardsand Committees

1. SensorsWorking Group

The development and utilization of an effective and operable IVHM is dependent on the
avalability of highly reliable sensors. Inadequate or faulty sensors have resulted in
premature termination of engines and failure to detect structura defectsin flight critical
components.  Accurate and reliable sensors are fundamenta to the devel opment of
systemns to monitor and manage the structura status and operation of space
trangportation systems. Higtorically, sensors have been a mgor operations cost item
and yet they have aso been greetly overlooked during the critical design and
development of transportation systems and components.

A Sensors Working Group within The Space Transportation Program will be formed to
promote the development of a new generation of highly reliable and operable sensors.
The IVHM Project will co-chair this working group and develop criticd IVHM sensor
software and hardware technologies per the Sensor Working Group Project Plan.

C. Management Support Systems

The following management systems will be utilized with the IVHM Project as gopropriate. In
addition, other systems within the agency are being reviewed and considered as potentials.

1. Virtual Research Center (VRC)

The VRC is an Internet-based project management and document management system
that allows dl project team members access to project documents, drawings, meeting
notes, assgned action items and the group caendar.

2. Other Management Systems
Current plans cdl for the implementation by June 1, 2000 of the Integrated Financia
Management Planning (IFMP) system. Thisis a mandatory, agency wide tool for

budgeting, tracking and andyzing funding.

For portions of the project being conducted at M SFC the following will be syssems will be used:
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3. Marshall Resources Tracking System (MARTYS)
The MARTS system for tracking funding authority, commitments, obligations, cost and
disbursements will be utilized by IVHM Project.

4. Workforce Information System (WIS)
The WIS sysem will be utilized for tracking the civil service workforce associated with
IVHM Project.

5. Automated Procurement Request System (APRYS)
The S& E APRS system will be used for the Procurement Requests (Form 424)
process.

VI. TECHNICAL SUMMARY

The ASTP IVHM Project will develop and mature criticdl and enhancing IVHM technologies and
demonstrate component, subsystem, and IVHM system leve operations through extensive ground test
programs and specified IVHM flight tests. This project addresses the three segments of IVHM: Flight
vehicle(s) technology, ground system technology, and IVHM Systems Engineering and Integration. The
ASTP IVHM Project conggs of the following subtasks:

Systems Engineering and Integration (SE& 1) IVHM
Structures IVHM

Propulson IVHM

Power IVHM

Thermal Protection Systems (TPS) IVHM
Avionics IVHM

Ground IVHM

No oA~ WDNER

In FY 00, IVHM will define and establish a systems engineering IVHM design process, begin
the vaidation of the IVHM process on system simulation and |1SE testbeds, and continue to mature
critica IVHM technologies within TPS, Structures, Propulson, Power and Ground Systems.  The
IVHM Project will begin ground-based IVHM subsystem demondtrations in FY01 usng NASA and
Industry propulsion, dSructures, avionics and TPS testbeds and will build-up to sysem leve
demongtrations in FY 03 to demongtrate repestability and to enable test to failure opportunities

The ground IVHM demonstrations will be complimented by X-33, X-34, X-37, and Shuttle
IVHM flight demondrations to demondrate and flight certify criticd IVHM component leve
technologies. During FY(Q3 through FY05, the IVHM flight program will trangtion to follow-on
subsystem flight experiments, paving the way for FY 05 IVHM system flight demondirations.
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A. Project Requirements
1. SE&IIVHM

a) IVHM Systems Engineering Design Process- A New Paradigm

To reach an optimum mix of IVHM for a program’ s specific set of requirements, a
sound systems engineering process is required to trade-off the added design, development, and
verification cost incurred during a program’ s development cycle versus potential and redized
operationd reduction benefits. Key issuesfacing the [VHM systems engineer include: Which
functions should be automated and a what autonomy level? Which functions should be
performed on-board and which on the ground? Which functions should be performed at which
levels? Should functions be centraized or distributed? Should the subsystem supplier or the
integration contractor provide the function? An orderly systems engineering process to address
these issues againgt cost and benefitsis required.

In the IVHM paradigm, the previoudy separated processes of religbility, faillure mode
effects andyds, testability analyss and costs/benefits andysis are viewed as fundamentaly
related to each other, in information needed and generated, in underlying mathematica
representations and processes, and in the ultimate goals of these processes. All are meansto
improve the dependability or hedth of the sysem. IVHM system engineering usesasingle
common framework for improving the autonomous operation of a system, drawing on common
dataand integrated processes. Equally important, is the integrated use of the products of these
processes in the design of the system, not just modifications of specific components or aspects
of the system. In addition, whereas in the pre-IVHM paradigm, most of the andysis and design
efforts came after the nomind system design, in the IVHM paradigm, the Hedth Management
System design is developed in pardld with and as an integrated part of the system design to
maximize theimpact of IVHM on operations, reliability, performance, and cost design gods. In
order to design-in and build-in the cgpabilities of IVHM, or to make asystem highly rdiable or
dependable, it isimperative that these qualities must be built into the system from the beginning.

b) IVHM SE&I Task Description

SE& | will develop and basdine IVHM architectures (vehicle, ground, crew, and
payload interface dements) that achieve system requirements provided by System Design and
Anayss Teams. Thiswill be accomplished by establishing a systematic IVHM design process
that optimizes IVHM designs and functions with respect to IVHM Life Cycle Safety, Rdidhility,
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Robustness and Cost Requirements during DDT& E, manufacturing, launch and misson
operations, and vehicle turnaround.

The IVHM Design process will be modeled and vaidated usng the Intdligent Synthetic
Engineering (ISE) Testbed and IVHM design tools to be provided by IVHM SE& | and
Program Databases provided by System Analysis Teams. IVHM SE&| will develop advanced
sensor placement tools with theinitid focus on Structures, TPS, and Propulsion Subsystem
sensor placement tool applications.

SE&I IVHM will develop system leve test plans and requirements based on the
architecture and design process results and perform system level testing using Advanced
Ground Technology Demondtration Testbeds and the coordinated products of the IVHM
Subsystem Tasks (Propulsion IVHM, Avionics IVHM, etc.). Milestones include:

¢) IVHM SE&I Task Milestones

Milestone: IVHM Systems Engineering Design Process

Outpuit: Firg edition/verson of an IVHM Design Handbook that standardizes the
IVHM design and optimization process for on-going and future ASTP
Programs. The IVHM Process will optimize IVHM on-board and ground
architectures based on life cycle safety, rdiability, costs, and benefit anayss.

Outcome: The IVHM Process will basdine development of ASTP IVHM architectures
and designs and provide heretofore un-available technology development
traceability to specific program requirements.

Date: IVHM Design Handbook 1% Edition - August, 2000
IVHM Design Process Vdidation Plan — September, 2000
IVHM Design Process Smulation Review — March, 2001
IVHM Design Handbook 2nd Edition - September, 2001
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2. Structures|VHM

a) Structures|VHM Task Description

Structures IVHM will establish requirements for structura 1VHM sensing, data
communication and storage, and overal structure IVHM architecture in FY00. Long-term
technology development will improve fiber-optic sendng performance, specificaly flight capable
tunable |lasers, enhance the dynamic measurement response, improve low and high temperature
sengitivity, and provide rapid chemica detection (e.g. hydrogen propellant). Hardware
development will aso include fiber based hydrogen lesk management system concepts and low
temperature strain optics and establish micro-miniaturization smart sensor dgorithmsfor RLV
Structures IVHM applications.

Structures IVHM will advance and test smart sensor agorithms and smart structure
diagnogtic software. Structures IVHM will perform component level ground and aero-flight-
testing a Dryden Research Center, structure subsystem testing on ground and flight technology
demondrators and initiate flight quaification of Structural 1IVHM technologies on follow-on
launch vehicle flight-test programs.

b) StructuresIVHM Milestones

Milestone: Testing of improved tunable laser source

Output: Ground based qudification of an improved tunable laser source and
fiber optic components under rdevant flight vibration environments will
increase the TRL of fiber senang systems to monitor drain,
temperature, and provide propelant lesk detection. Thiswill enaole
FY 01 flight demongtrations on DFRC aircraft as well as future space-
flight applications. Measurements will further be used to vdidate
structural model predictions and andysesto achieve RLV in-flight
sructura monitoring, detection and isolation requirements.

Outcome: Component structura helth management technology will help achieve
RLV requirement to improve safety by autonomoudy
detecting/predicting structurd failures and degradation, and by enabling
in-flight reconfiguration for adaptive sructurd safety factor management
to achieve misson gods during flight.

Date: Tunable Laser Environmental Testing - August, 2000
Tunable Laser Aircraft Hight Tests — June 2001
Tunable Laser Space Hight Tests— September 2001
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3. Propulson IVHM

a) Propulsion IVHM Task Description

Propulson IVHM will develop and demondtrate intelligent propulsion system logic and
insrumentation/sensors technologies. The fird tasks will include development of quantitative
system leve diagnostics and demondiration of automated rocket cryogenic propellant loading
operaions and in-gtu propulsion test and checkout functions in cooperation with Ground
IVHM and Avionics IVHM.

b) Propulsion IVHM Task Milestones

Milestone:
Output:

Qutcome:

Date:

Propulson System Integrated IVHM Integrated Test Program
Repeatable ground demongtrations in cryogenic and closed
compartment environment will validate proof-of-concept RLV On-
Board Leak Management Systems, Shuttle Hazardous Gas Detection
Upgrades, automated propellant loading, and automated test and
checkout technologies. Results of ground testing are required prior to
flight demongtrations. Development of intelligent red-time detailed
engine diagnostics to support future autonomous engine operations.
Meets RLV requirement to improve safety by autonomoudy
detecting/predicting hazardous system lesks and reconfiguring the
system to achieve misson gods during flight and to eiminate manpower
intensive ground based sogp and bubble and hdium pressurization lesk
detection tests performed during ground processing. Also addresses
ASTP requirements to reduce TA time and costs.

System Testbed Integration - May 2000

Hazardous Gas Smart System Review - September 2000
Quantitative System level engine diagnostics - September 2000
Sdf-hedling connectors concept validation - September 2000
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4. Power IVHM

a) Power IVHM Task Description

Power IVHM will develop advanced dgorithms and subsystem diagnostics for
Advanced Power Management and Didtribution. Technology development will address dll
elements of the power system from power supply to the actuator (EMAS) including autonomous
optima load shedding schemes during degraded power functiondity.

b) Power IVHM Task Milestones

Milestone:
Output:

Qutcome:

Date:

Prototype Power IVHM Architecture and EMA Requirements
Power IVHM software and hardware architecture that will provide
intelligent eectrica power management and Automeated falure
detection, diagnosis, and recovery for high-impedance short circuits and
for generator overloads, low-impedance short circuit and overload
protection, automated circuit parameter identification, bad data
detection and correction, and automated decision support for

mai ntenance and spare parts inventory management.

Power IVHM Architecture will enable reduced manpower (2X) for
power system mission operations over the life of the vehicle and
reduced manpower (3X) for ground maintenance and repair over the
life of the vehicle.

September 2000
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5. TPSIVHM

a) TPSIVHM Task Description

Therma Protection System (TPS) IVHM will establish TPS systemn requirements and
defect detection standards for in-flight damage assessment and in-flight response to effect a safe
reentry. This project will design, fabricate and test active thermd, impact and other sensors for
continuous and/or over-limit parameter monitoring. Prototypes will be tested in gppropriate
fadilities for thermd and mechanica gability and surviva.

The TPS IVHM system will include on-board fault detection software and agorithm
development that converts the sensor data into redl-time detection and diagnostic information as
shown in Figure xx-X.  The project plan includes performance of compatibility studies of
wireless TPS communication schemes for on-vehicle gpplications and will evaduate future
MEMS applicationsfor TPS. This project will dso develop aflight test development plan for
the prototype systems using the reentry environment provided by X-34, X-37 and/or Shuttle.
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Figure XX-XX

b) TPSIVHM Task Milestones

Milestone: TPSIVHM system requirements for in-flight monitoring sensor suite
and detection standards.

Outpuit: Quantifiable TPS defect sandards for in-flight defect assessment and
IVHM requirements that achieve RLV therma and mechanical
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Qutcome:

Date:

Milestone:

Output:
Outcome:

Date:

Milestone:

Output:
Outcome:

Date:

Milestone:

Output:
Qutcome:

Date:

Milestone:
Output:
Outcome:
Date:

requirements and TPS fallure modding anayses will endble rapid TPS
IVHM concept design tradesin days vs. months.

TPSIVHM life cyde desgn and trade smulations will result in optimum
IVHM architectures and designs, required verification plans, and
concept of operations that achieve individua program safety, rdiability
and codt requirements. Thisincludes an evauation of MEMS
goplications and evauation of wireless concepts.

Preliminary report in September 2000, Update in September 2001 and
find report in 2002.

Desgnsfor active therma/mechanicd sensors identified from
requirements reports.

Desgn drawings.

Specification for fabrication

Therma sensor in September 2000, M echanica/and other sensors
September 2001 and 2002

Laboratory concept vaidation

Therma and mechanical test reports of sensors

Hight qudification documentation in preparation for flight testing.
September 2000 for the active therma sensor, September 2001 for the
mechanical sensor.

Preliminary design for TPS IVHM testbed including hardware and
software design for mitigating the risk of in-flight TPS damage.
Hardware design drawings and software flow charts.

Approved documentation for hardware fabrication and software
development.

Preliminary design September 2000, Find design May 2001.

Integrated TPS IVHM ground testbed

TPSIVHM system integration demo hardware and software.

Hight Qudification documentation in preparation for flight testing.
Preliminary testbed September 2002, find testbed September 2003
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6. Avionics|VHM

a) Avionics|VHM Task Description

Avionics IVHM, in close coordination with vehicle Avionics, will develop and mature
next generation fault tolerant avionics architectures enabling advanced smart sensors, highly
digtributed redundant communication architectures, and software agorithms.  Avionics IVHM
Software will develop and maintain localized sensor processing agorithms for subsystem smart
sensor integration, develop advanced agorithms for autonomoudy processing multi-sensor data
to detect and isolate failuresin red-time operations and begin the development of multiple
subsystem interaction and system diagnogtic software. A prototype system will be matured and
demondtrated in the MSFC Avionics Lab and inserted into Advanced Ground Technology
Demondtration Testbeds to support integrated IVHM system level demonstrations.

b) AvionicsIVHM Task Milestones

Milestone:
Output:

Qutcome:

Date:

Prototype Vehicle Avionics IVHM Software Demongtration
Integrated software and avionics lab hardware demonstration (10s of
sensors) will vaidate locaized smart sensor dgorithms, vehicle and
subsystem modeling and autonomous system fault management
operations prior to entering large-sca e system development on
Advanced Ground Demondirators.

Prototype demondration will validate order of magnitude avionics
improvements in system reiability by identifying potentidly critica
failures which may be missed by current IVHM technologies or human
ingpection techniques and 10 fold reduction in operation cosis to
perform avionics checkout and turnaround.

October, 2000
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7. Ground IVHM

a) Ground IVHM Task Description

Ground IVHM will develop rapid turnaround operations at KSC through Spaceport
Technology testbeds. The work will initidly focus on a propulson subsystem testbed utilizing
the Cryogenic Test Facility and an orbita maneuvering systlemvreaction control system helium
pressurization testbed at the Launch Equipment Test Fecility. Automated checkout and
sarvicing techniques will be developed at both testbeds. Also, system leve Informed
Maintenance (IM) capabilities will be developed including automated logistics coordination by
labor skill, documentation and line replaceable units in a multi-flow environment; hardware trend
andysis techniques using advanced part number and serid number searchesin a Shuttle derived
configuration control database; and neura network/fuzzy logic tools for evauation of flight
hardware signature traces. Also, development of next generation flight and ground based
hazardous gas detection sysemswill begin.

TRL’swill be raised for three core technologies of smart sensors, fiber optic sensors
and miniature mass pectrometers through leveraging of on-going sensor development activities
at KSC, MSFC, JSC, GRC, LaRC and JPL. Also, Ground IVHM will continue the
development of IVHM flight experiment plans to be flown on the Space Shuttle and other flying
testbeds.

b) Ground IVHM Task Milestones

Milestone: IVHM Operations Demongtrations

Outpuit: Demondrations and initid vdidations of rgpid, highly automated vehicle
servicing and checkout in small-scale cryogenic environments using a
combination of advanced on-board IVHM and component/subsystem
degradation agorithms, ground based Informed Maintenance Planning
and scheduling agorithms, automated parts ingpection and NDE
technologies, and integrated automated logistic system technologies.

Outcome: Potentia to reduce total processing, launch, and mission operations by
50% through improved vehicle fault management, including condition
based maintenance, and complimentary and extensive ground
automation improvements, i.e,, 10X reduction in current TPS operation
costs.

Date: July, 2000
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B. System Requirements

ThelVHM system leve reguirements will be specified in the VHM Requirements, Verification
and Compliance Database (RVC). The RVC formdly defines and documents the requirements for the
design, development, testing and operation of the [VHM Project. The RV C provides the requirements
necessary to achieve mission success according to the objectives stated in this project plan document.
The RVC dso coversthe verification and compliance of the [VHM requirements.

C. System Constraints

The IVHM project is afixed-price effort and is therefore condrained to fit within its funding
dlocation.

Proposed test vehicle: Utilization of existing and planned platforms (Shuttle, X-33, X-34, and
X-37), to demongtrate and flight certify the technology. Expansion of X-34 and X-37 flight programs
and migration to full-up IVHM system demonstratorsin FY 04-05 using an Operations Pethfinder.

D. Ground Systems and Support

TBD

E. Facilities

Ground avionics testbed with advanced smulation capabilities to demondrate and develop
technology on virtua vehicles. Propulsion system testbed at MSFC and SSC. TPS/sensor system
ground testing in Ames Argjet facilities, vibroacoudtic test facilities and hyperve ocity impact facility.
Structurd test article and facilities at LaRC and DFRC. 1VHM system integration testbed will be
established at KSC for subsystem technology and system integration tests. Power System Fecility at
GRC will migrate to full power system testing &t MSFC.

F. Technology Development Status and Reporting
TBD

VIl. SCHEDULES

The IVHM summary schedule dated 29 November 1999 is shown below.

CHECK THE MASTER LI ST TO VER FY THAT TH S I S THE CORRECT VERSI ON BEFCRE USE




Ames Research Center Organi zational Work Instruction

Title Doc. ASTP-PLN- 0014 Revi sion: Rev A

I VHM Proj ect Pl an Dat e: Decenber 13, 1999 Page 27 of 30

VIll. RESOURCES

A. Funding Requirements (NOA in Millions)

FY00 FYO1 FYO02 FY03 TOTALS
TOTAL $3 $7 $13 $12 $35

B. Ingitutional Requirements (FTE)

FY0O0 FYO1 FY02 FY03 TOTALS
23 30 35 40 128

IX. CONTROLS

The IVHM Project is subject to the controls as contained in NASA Procedures and Guidelines,
NPG 7120.5A. The IVHM Project Plan establishes the top leve technical, schedule, and cost controls
placed on the program. An annud review of this plan will be performed to accommodate the changing
nature of advanced technology projects. Responshilities for Program and Project Management are as
follows

A. Headquarters Responsibilities

Associate Administrator for Aero-Space Technology
a Providing program advocacy.
b. Egablishing program requirements and metrics.
c. Recommending the level of GPMC oversght for each new program.
d.  Assigning program and sdlected project respongbilitiesto Lead Centers.
e Recommending new programs to the Agency PMC.
f.  Deveoping, coordinating, and maintaining the PCA.
g Approving Program Plans.
h. Assessing program performance againgt requirements and customer
expectations.
Ensuring timely resolution of multiple program and project issues with
assigned enterprise.
j. Serving asamember of the GPMC.
k. Allocating budgets to programs.

B. Center Responsibilities

1. Lead Center Director (ARC)
a  Serving as Chairperson of Lead Center PMC.
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Supporting the Associate Administrator of the Aerospace Technology in
program formulation.

Providing overdl direction, control, and oversght of program
implementation.

Appointing the program manager.

Concurring on the Program Plan for Associate Administrator approval.
Assigning work to other Centers.

Integrating ingtitutional resources with program needs.

Coordinating cross-Center activities.

Ensuring compliance to policy/standards.

Maintaining dud peth for Quality and IA.

Deveoping and maintaining program/project implementation policies and
procedures compliant with NPD 7120.4, NPG 7120.5A, and 1 SO 9000.

2. Performing Center Directors

a

Performing advanced concept studies in support of Agency and enterprise
drategic plans.

Supporting the program formulation.

Project implementation and oversght.

Deveoping and maintaining program/project implementation policies and
procedures compliant with NPD 7120.4, NPG 7120.5A, and 1 SO 9000.

3. ASTP Program Manager

4,

a

@ "o ao0CoC

IVHM

Program planning, including: recommendation of program objectives,
requirements, implementation guiddines, program integration, budget and
milestones, and preparation of Program Plans and PCA's.
Developing, recommending, and advocating the program resources.
Execution of the Program Plan and oversight.

Approving Project Plans and associated changes to these documents.
Reviewing and reporting program/project performance.
Establishment of project requirements and performance metrics.
Allocating budget to projects.

Control of program changes.

Egtablishing support agreements.

Project Manager

Preparation and maintenance of the Project Plan, specifications, schedules,
and budgets.

Acquisition and utilization of participating contractors.

Execution of the Project Plan.

Reporting project status.
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e Approving Task Agreements.
f.  Conducting design and al other appropriate reviews.
g Paticipation in Configuration Control Board Activity.

C. IVHM Task Agreements

The IVHM Project will be developing annud task agreement forms to manage/track technica
scope and budget dlocation within NASA and will aso develop multi-year task plansin the
near future for each project e ement.

X. IMPLEMENTATION APPROACH

A. Implementation Plan

B. Proect Summary WBS

XI.  ACQUISITION SUMMARY

The IVHM Project acquisition strategy is based on both NASA in-house and contracted
activities. All of the planned individua contracts are currently anticipated to be less than $STBDM.
Because of the experimental nature of the [VHM and tight time schedules, every emphasis will be
placed on short procurement gpproaches. Existing contracts, NASA Research Announcements,
Purchase Orders, and Support Agreementswill be utilized to the greatest extent possible. All planned
procurements, noted in Table 111, and the associated technica monitoring, will be accomplished by
Marshdl Space Flight Center.

Tablelll. Planned Procurementsand Monitoring for the VHM Project.

TYPE TYPE
ELEMENT PROCUREMENT | CONTRACT | SOURCE
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Xll. PROGRAM/PROJECT DEPENDENCIES

The technology to be demonsirated with IVHM has multiple agpplications across many NASA
organizationa offices and the NASA Strategic Enterprises. Table IV summarizes the relationship
between IVHM and other programs (NASA and non-NASA).

TablelV. Relationships Between the VHM and Other Programs.

Related Application Program Supported Status

X111, AGREEMENTS

A. Internal NASA Agreements

Ames Research Center has been assigned as the Lead Center for the IVHM Project and is
respongble for project implementation and management. The IVHM Project will require sgnificant
coordination between dl participating centers. Coordination on specific technology devel opment
activitieswill be dictated by circumstances on an "as-needed” basis.

B. External Agreements

The IVHM Project is expected to have externd agreements through contractors and other
agencies. All externa agreements will be determined by competition as part of the overdl acquisition

Srategy.

XIV. PERFORMANCE ASSURANCE

Quality

IVHM flight hardware designed, developed and built in-house & M SFC will be in accordance
with the MPG 144.1. In-house hardware may be built to dated drawings with the approva of the Lead
Systems Engineer, as specified in the IVHM Configuration Control Plan. As built drawings will be
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submitted to the MSFC Configuration Control Process as specified in the IVHM Configuration Control
Plan. IVHM flight hardware designed, developed, and built in-house at other Centerswill bein
accordance with the rdlevant Center policies and procedures.

Dueto the limited scope of the IVHM flight demongtration experiments, flight hardware may be
commercid off-the-shdf aslong as it meets the requirements specified in the governing specification
documents.

IVHM flight hardware purchased from outside vendorsis not required to be 1SO 9000
compliant. IVHM flight hardware purchased from outside vendors will be based on the specific
requirements of NHB 5300.4(1C). Tailoring of these requirements will be reflected in the IVHM
Quality Plan and/or in the vendor purchase order/contract.

IVHM flight hardware purchased from outside vendors must be delivered with a Certificate of
Compliance (COC) and an acceptance data package as specified in the purchase order or contract.

XV. RISK MANAGEMENT

Due to the advanced technology development program, an aggressive Risk Management Plan

will be required to effectively manage the IVHM Development project. This plan will document a
continuous process that:

identifies risks

andyzes their impact and prioritizes them

develops and carries out plans for risk mitigation, acceptance, or other action

tracks risks and the implementation of mitigation plans

supports informed, timely, and effective decisons to control risks and mitigation plans

assures that risk information is communicated among al leves of the project

Risk management begins in the formulation phase with an initid risk identification and
development of a Risk Management Plan and continues throughout the product’ s life cycle through the
digposition and tracking of existing and new risks. A risk management plan will be required only for the
flight hardware eements of the project.

XVI. ENVIRONMENTAL IMPACT

Environmental impact assessment(s) shall be developed as needed by the appropriate center(s)
Environmenta Engineering and Management Offic(s).
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XVII.SAFETY

The IVHM Project will utilize exigting Center safety guidelines to provide for the early

identification, analys's, reduction, and/or dimingtion of hazards that might cause the following:

Loss of life or injury/iliness to personndl

Damage to or loss of equipment or property (including software)

Unexpected or collateral damage as aresult of tests

Fallure of misson

Loss of system availability

Damage to the environment

Asrequired for pecific tasksin the IVHM Project, a safety plan that details such activities as
system safety, rdiability engineering, eectronic and mechanica parts rdiagbility, qudity assurance for
both hardware and software, surveillance of the development processes, “closed loop” problem failure
reporting and resolution, environmental design and test requirements will be developed.. Mission
success criteriashdl be defined to aid in early assessment of the impact of risk management trade-of f
decisons. The safety and mission success activity shdl accomplish the following:

- Provide for formal assessment and documentation of each hazard, with risks identified,

analyzed, planned, tracked, and controlled.

Provide for a safety assessment and certification regarding readiness for flight or operations,
explicitly noting any exceptions arising from safety issues and concerns.

Utilize a qudity management system governed by the 1SO 9000 standard, appropriate
aurveillance, and NASA Engineering and Quaity Audit (NEQA) techniques.

XVIII. TECHNOLOGY ASSESSMENT

Ongoing assessment of needs for technology will be conducted by project management to
insure that long term goals can be met.

XIX. COMMERCIALIZATION

Many of the technologies to be demonstrated have direct commercia application.
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XV. REVIEWS

A. Management Reviews

Management Reviews will be scheduled during the life of the project. The type and frequency of
the reviews will be established according to the unique needs of the project and the Program Office.
The reviews will be scheduled to keep program and project management informed of the current Status
of exigting or potentid problem areas. Agency management will be informed, in advance, of the
schedule and agenda of the major reviews and will be invited to participate at their discretion. Specid
reviews by any level of management will be conducted when the need arises.

Quarterly Program Review

A quarterly program review will be held to review cost, schedule, and technical issues.
The location of the review will be determined on a case-by-case basis. Participants will include, asa
minimum, the program managers of the ASTP and STD offices.

Progress reviews will be scheduled as appropriate and will include the participation of all
NASA Centersinvolved in the VHM Project. The reviews will cover the overdl status information and
will include schedule status, change status, performance status, interface coordination, and other
management and technica topics.

B. Technical Reviews

Informal technica reviews will be scheduled during the life of the project. The following
reviews, asaminimum, will be held:

XXI. TAILORING

The requirements of NASA Policy Directive (NPD) 7120.4A and NASA Procedures and
Guiddines (NPG) 7120.5A apply to this program astailored by the ASTP Program Plan.

XXII.RECORDS RETENTION

The IVHM Project Manager will determine which project records will be retained and for how
long in order to ensure a permanent record of the project and lessons learned are available to benefit
future NASA projects. Governing documents will be kept in accordance with the required policies and
procedures of the relevant Center.
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XXI1I. CHANGE LOG

EFF. DATE STATUS DOC. REVISON DESCRIPTION
Apr 28, 1999 Badine - Origind Issue
Dec 13, 1999 Revison A Minor editorid changes.
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